Finishing procedures action on mechanical characteristics of pressed ceramics by Ahmed, mohamed et al.
Finishing procedures action on mechanical characteristics of pressed
ceramics
Mohamed Abdel Moniem Ahmed a, b, *, Amina Mohammad Hamdy b, Amr El-Etreby b
a Fixed Prosthodontics Department, Faculty of Dentistry, Badr University, Cairo, Egypt
b Crown and Bridge Department, Faculty of Dentistry, Ain Shams University, Egypt
a r t i c l e i n f o
Article history:
Received 3 December 2017
Received in revised form
7 March 2018
Accepted 15 March 2018






a b s t r a c t
Objectives: The choice of material and sequence of finishing & polishing of pressed ceramics which are
broadly used for indirect restorations applying different polishing methods on the glazed ceramic sur-
faces has not been agreed on yet so a comparison of different finishing protocols on the mechanical
strength of pressed ceramics in a clinical simulating trial is of a paramount significance, in this study The
effect of different grinding & finishing procedures on the biaxial flexural strength of pressed ceramics
was evaluated.
Material and methods: all ceramic Ips emax press discs were fabricated with a circular projection in the
middle to simulate a high spot in the finished restoration.
The discs were divided randomly according to grinding Speed into2 groups (n¼ 30) high speed grinding
& low speed grinding then were distributed into 3 sub groups (n¼ 10) according to finishing procedures.
Determination of biaxial flexural strengths of the disks was done using The universal testing machine
then 2 way ANOVA test and Pearson correlation analysis were done.
Results: Finishing procedure with High speed grinding showed lower flexural strength compared to low
speed grinding with different groups.
(Grinding with no finishing) group showed lowest value followed by (Grinding and finishing with rubber
tips) group followed by (Grinding and finishing with rubber tips & diamond paste) group with high
speed and low speed.
Conclusions& significance: Grinding & finishing procedures of pressed ceramics showed significant effect
Of drill speed and polishing technique over flexural strength, As Grinding with no finishing and polishing
procedure showed lowest flexural Strength values followed by finishing and polishing procedure fol-
lowed by finishing and polishing with polishing paste procedure.
© 2018 Faculty of Oral & Dental Medicine, Future University. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
1. Introduction
Since 1990, it has been possible to fabricate all-ceramic resto-
rations using the heat-pressing technique (Wohlwend, 1990). This
technique permits dental laboratories to fabricate high quality ve-
neers, inlays, onlays, anterior crowns, posterior crowns and all-
ceramic bridges using a timesaving and simple procedure [1].
1.1. Pressable lithium disilicate
Based on glass technology manufacturing process e.max Press
is produced according to a unique bulk casting production method
by constant optimized nucleation and growth of two different
crystals preventing defects formation.
The material microstructure consists of approximately 70%
volume of needle-like lithium disilicate crystals measuring
approximately 3 mme6 mm in length in a glassy matrix [2].
During sintering the development of surface micro porosities is
a major problem with all-ceramic restorations as These micro po-
rosities can predispose to crack initiation and propagation leading
to failure of the restoration [3,4] ceramic restoration may require
adjustment in the circumstances that may be necessary to correct
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occlusal interferences and improve esthetic appearance as well,
Currently removing of high spot is done resulting in loss of ceramic
restorations intact surface glaze which generates rougher surfaces,
wearing of the opposing teeth and several periodontal problems
that preclude reglazing which subjecting the ceramic material to
another cycle of firing that may cause structural changes and be
time consuming but An alternative approach is that adjustment can
be done at the same visit to reduce chair side time.
The choice of material and sequence of finishing &polishing of
pressed ceramics which are broadly used for indirect restorations
was compared by Several authors applying different polishing
methods on the glazed ceramic surfaces but has not been agreed on
yet, [5e7].
Shofu points were reported by Goldstein to be the best in-
struments for the final finishing of porcelain. On the other hand
when using diamond paste jointly with Shofu points Raimondo
et al. reported the production of better surface polishing with
smoothness similar to glazed ceramics.
Clinical recommendations that ceramics after any kind of ad-
justments should be subjected to re-glazing or to a final finishing
and polishing using diamond paste concluded from Al-Wahadni
and Martin studies, However, they have not compared polishing
methods on pressed ceramic, which justifies the study of this work
[8,9].
The effect of different grinding & finishing procedures on the
biaxial flexural strength of pressed ceramics was evaluated in this
study. The null hypothesis was there is no difference with different
protocols of grinding & finishing procedures of pressed ceramics.
2. Materials and methods
2.1. Disk construction
A Specially designed mould was fabricated with internal
depression to produce the discs wax pattern in the test groups (see
Fig. 1).
To simulate a high spot in the finished restoration, each wax
pattern had a 1mm circular projection in the middle. (see Fig. 2).
An axial sprue (diameter 3mm, length 5mm) was attached in
the direction of flow of ceramic material and each pattern was
angled 45e60 making sure that all sprue attachment were flared
and attached to the silicon ring base.
According to manufacturer instructions Ips e.max special in-
vestment material was used and after pressing, the investment ring
was removed from the furnace.
Immediately after the process was completed. The investment
ring was allowed for about 60min to cool down on a wide-meshed
grid at room temperature (ips e.max cooling rack) which ensured
quick and even cooling of the investment ring, and then a sepa-
rating disc was used to separate the investment ring at the pre-
determined length.
According to manufacturer instructions polishing jet with me-
dium polishing alumina beads (type 100 mm) was used for rough
divestment at 4 bar (60 psi) pressure.
Immersion of the pressed coping in invex liquid (<1.0% hydro-
fluoric acid) for 30min followed by rinsing thoroughly under
running water and alumina sandblasting at pressure of 1 bar to
remove reaction layer then proper thickness checking by vernier
Caliper. (see Fig. 3).
The discs were covered with ips e.max ceram glaze and fired as
Fig. 1. Specially designed mould to produce the wax pattern.
Fig. 2. Wax pattern with circular projection.
Fig. 3. Disc thickness verification.
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follows in a program.the galze firing was conducted on a honey-
combed tray. (see Fig. 4).
2.2. Grinding apparatus
2.2.1. Disc holding device
A custom-made holding device was designed to stabilize the
discs during grinding and finishing procedures the holding device
consisted of metallic base with two sliding holding arms and two
lateral tightening screws to stabilize the disc during grinding &
finishing procedures. (see Figs. 5 and 6).
2.3. Grinding & finishing procedures
The discs were divided randomly according to grinding speed
into
Group (I):
High speed Grinding by rotary diamond instruments (n¼ 30
discs).
Group (II):
Discs were ground with a low speed micromotor using diamond
rotary cutting instruments (n¼ 30 discs).
Each group were subdivided into 3 subgroups according to
finishing procedures.
Subgroup (A):
Grinding with no finishing (n¼ 10 discs).
Subgroup (B):
Grinding and finishing &polishing with siliconized points
(n¼ 10 discs).
Subgroup (C):
Grinding and finishing &polishing with siliconized points. And
diamond paste (n¼ 10 discs).
2.3.1. Grinding procedure
The holding device carrying the discs was assembled The high-
speed handpiece and the low speed micromotor were adjusted to
be above the holding device, producing contact of the disc central
projection with the rotating grinding instruments. (see Figs. 7 and
8).
The instruments were oriented approximately parallel to the
disk surfaces. The direction of applied force produced a horizontal
cut on the central disc projection with the parallel part of rotating
instrument until it was removed completely.
2.3.2. Finishing procedure
The finishers and polishers contains synthestic rubber, diamond
granules and titanium dioxide, The nylon brushes consist of nylon
fibers. (see Fig. 9).
The diamond paste contains diamond dust with a particles
ranging from 2 to 4 mm in an emulsion of glucrine, sodium lauryl
sulphate and propylene glycol.
According to themanufacturer instructions, the operating speed
was 10,000 rpm, and the duration was 20 s per working step,
cooling was provided during operating with the finishers and
polishers, diamond paste and brush were used without water
spray.
2.3.2.1. Finishing & polishing ips e.max press discs with siliconized
points. The central area surface of ceramic disc was finished with
the optrafine finishers.the subsequent finishing procedure was
performed with the optrafine polishers.
The low speed micromotor were adjusted to be above the
holding device, The instruments were oriented approximately
parallel to the disk surfaces producing a horizontal contact of the
disc central area with the parallel part of rotating finishing in-
struments located 1mm from the finisher shank.Fig. 4. Glazed ceramic disc with circular projection.
Fig. 5. Disc holding device.
Fig. 6. Ips disc stabilized inholding device.
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2.3.2.2. Finishing & polishing ips e.max press discs combining dia-
mond paste & siliconized points. Ceramic disc central area was
finished with the optrafine finishers.the subsequent finishing pro-
cedure was performed with the optrafine polishers then for final
finishing; the optrafine nylon brushes are used together with dia-
mond paste perpendicular on the central disc area.
2.4. Biaxial flexural strength test
All discs of different groups were measured for biaxial flexural
strength with a computer controlled testing machine (LLOYD) *,
Testing was done with a load cell of 5 kN at a cross-head speed of
0.5 mm/min, and using computer software data were recorded.
For each disc the fracture load was recorded and using the
following equation the biaxial flexural strength was calculated:
[0.2387 P(X Y)]/d2¼ S
Where:S: biaxial flexural strengthP: fracture load (N)S: biaxial
flexural strength (MPa)d: disc thickness at fracture origin (mm).
X and Y were determined as follows:
(1 þ y) ln(r2 /r3)2 þ [(1 e y) / 2] (r2 /r3)2 ¼ X
(1 þ y) [1 þ ln(r1 /r3)2 ] þ (1 e y) (r1 /r3)2 ¼ Y
r1: the support circle radiusʋ: Poisson's ratio (0.25)r2:the loaded
area radius.r3: the specimen radius.
3. Results
3.1. Biaxial flexural strength results
2 way ANOVA showed significant effect of grinding speed and
finishing procedure over flexural strength and no significant effect
of interaction between grinding speed and finishing procedure (see
Table 1).
Fig. 7. High speed grinding.
Fig. 8. Low speed grinding.
Fig. 9. Optrafine finishing kit.
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3.2. Finishing procedure effect on flexural strength
Grinding procedure with no finishing showed lowest flexural
strength followed by Grinding and finishing with rubber tips fol-
lowed by Grinding and finishing with rubber tips & diamond paste
and tukey post hock showed significant difference between all
treatments. (see Fig. 10 and Table 2).
3.3. Effect of grinding speed on flexural strength
High speed grinding showed lower flexural strength compared
to low speed grinding and difference was statistically significant.
(see Fig. 11 and Table 3).
3.4. Interaction between grinding speed and finishing procedure
High speed grinding showed lower flexural strength compared
to low speed grinding with different groups of finishing procedure.
(see Table 4).
Grinding with no finishing showed lowest value followed by
Grinding and finishing with rubber tips followed by Grinding and
finishing with rubber tips & diamond paste with high speed and
low speed. (see Fig. 12).
4. Discussion
The effect of different finishing procedures on pressed ceramics
was investigated in this study.
According to this study, the flexural strength values among of
the test groups were significant. Therefore, the study null hypoth-
esis which states that the flexural strength of pressed ceramics
would not be different with different types of grinding & finishing
procedures was rejected.
Despite dental ceramic is routinely glazed adjustments are
necessary in some clinical situations to re-establish function and
esthetics, In these situations, the dental ceramics receives only
polishing rather reglazing allowing the dental professional to
cement the prosthesis in the same clinical session, This procedure is
done to prevent the return of the prosthetic element to the labo-
ratory for new glazing.
Pressable lithium disilicate material (i.e., Li2Si2O5) microstruc-
ture consists of approximately 70% volume of needle-like crystals in
a glassy matrix measuring approximately 3 mme6 mm in length.
Surface micro porosities developing during sintering is a major
problem with all-ceramic restorations which can predispose to
crack initiation and propagation and leading to restoration failure
[10,11].
Various ceramic finishing kits& techniques have been described
for finishing ceramic surfaces in the mouth and numerous varied
Reports of the results were reported [12e17]. Nonetheless, the
material choice and finishing sequence used for indirect restora-
tions have not been well established yet [18e20].
In the current study Based on the results, the flexural strength of
pressed ceramics was significantly affected by all finishing
Table 1
2 way ANOVA showing effect of different grinding speed and finishing procedure over flexural strength.
Subjects Effects Tests
Dependent Variable: Flex. S.
Source Sum of Squares Type III df Mean Square F Sig.
Corrected Model 9020.154a 5 1804.031 13.804 .000
Intercept 2,833,965.814 1 2,833,965.814 21,684.699 .000
technique 1435.509 1 1435.509 10.984 .002
Finishing procedure 7484.198 2 3742.099 28.633 .000
technique *finishing procedure 100.447 2 50.224 .384 .683
Error 7057.241 54 130.690
Total 2,850,043.209 60
Corrected Total 16,077.395 59
a R Squared¼ .561 (Adjusted R Squared¼ .520).
M P  
Grinding with 
no finishing  
Grinding and   
finishing with 
rubber ps  
Grinding and 
finishing with 
rubber ps & 
diamond paste   
Fig. 10. Effect of finishing procedure on flexural strength (M P).
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procedures, high speed group showed lower flexural strength
compared to low speed group with different of finishing proced-
ures. No finishing procedure showed lowest value followed by
finishing with rubber tips procedure followed by finishing with
rubber tips& diamond paste procedure and Difference was statis-
tically significant.
Table 2
Biaxial flexural strength using different finishing procedure on pressed ceramics.
Mean S D P value
Grinding with no finishing 204.7750 10.85,646 <0.001
Grinding and finishing with rubber tips 215.3105 13.03642
Grinding and finishing with rubber tips & diamond paste 231.9075 12.82,430





Fig. 11. Effect of grinding speed on flexural strength (M P).
Table 3
Effect of grinding speed on flexural strength.
Mean S D P value
high speed 212.4397 14.28,826 <0.001
low speed 222.2223 17.34,180
Table 4
Interaction between grinding speed and finishing procedure.
High speed Low speed P value
Mean S D Mean S D
Grinding with no finishing 201.3760 10.33,391 208.1740 10.78,692 0.189
Grinding and finishing with rubber tips 208.7560 8.91,745 221.8650 13.55,687 0.13
Grinding and finishing with rubber tips & diamond paste 227.1870 8.87,634 236.6280 14.79,498 0.07
P value <0.001 <0.001
M P  
Grinding with 
no finishing  
Grinding and   
finishing with 
rubber ps  
Grinding and 
finishing with 
rubber ps & 
diamond paste   
High speed Low speed
Fig. 12. Interaction between grinding speed and finishing procedure.
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Grinding with No finishing showed lowest flexural strength
followed by grinding and finishing with rubber tips followed by
grinding and finishing with rubber tips& diamond paste and tukey
post hock showed significant difference between all treatments.
This is on same line Giordano et al. [21] evaluating the me-
chanical effects of surface finish of three different sintered porce-
lain groups with total number of 105 bars of the feldspathic
ceramic, They reported significant increase in the flexural strength
with all surface finishes.
5. Conclusions
In the essence of this study, these conclusions could be
established:
1. Grinding with no finishing and polishing showed significant
effect of drill speed and polishing over flexural strength.
2. Grindingwith no finishing and polishing showed lowest flexural
strength followed by finishing and polishing followed by fin-
ishing and polishing with polishing paste.
3. High speed showed lower flexural strength compared to low
speed and difference was statistically significant.
5.1. Recommendations
Several problems are associated with poorly finished ceramic
restorations including lower flexural strength accordingly finishing
procedures are recommended to provide an adequate surface
texture and mechanical strength, further clinical studies are
required.
Financial contributors
No grant was received from public or commercial agencies in
this trial, as well as any not-for-profit organizations.
Acknowledgements
To my professor Dr.AMINA Hamdy Professor of crown and
bridge, faculty of dentistry, Ain-Shams University, thanks for your
support, patience, encouragement and being as a second mother to
me. Words cannot explain my deep gratitude and respect to you.
I would like to express my deepest gratitude to Dr.Amr El-Etreby
Associate Professor of fixed prosthodontic department, Faculty of
Dentistry, Ain Shams University for his patience and meticulous
advice and valuable comments.
I would like to express my endless gratitude to our Professor Dr.
Tarek Salah Morsi Head of Crown and Bridge Depatment, Faculty of
Dentistry, Ain Shams University.
References
[1] Scientific Documentation Ips Empress system e The Original.Ivoclar Vivadent
AG, Research & Development, Scientific Service, Bendererstrasse 2, 9494
Schaan, Liechtenstein, Contents: Petra Buhler-Zemp/Magdalena Wey, Edition:
December 2003.
[2] Stappert CF, Att W, Gerds T, Strub JR. Fracture resistance of different partial-
coverage ceramic molar restoration: an in vitro investigation. J Am Dent
Assoc 2006;137(4):514e22.
[3] Ohyama T, Yoshinari M, Oda Y. Effects of cyclic loading on the strength of all-
ceramic materials. Int J Prosthodont (IJP) 1999;12(1):28e37.
[4] Anusavice KJ. Phillips' science of dental materials. eleventh ed. St.Louis:
Elsevier; 2003. p. 655e719.
[5] Yilmaz K, Ozkan P. The Methods for the generation of smoothness in dental
ceramics. Comp Cont Educ Dent 2010;31:30e2.
[6] Ahmad Rohana, Morgano Steven M, Wu Benjamin M. An evaluation of the
effects of handpiece speed, abrasive characteristics, and polishing load on the
flexural strength of polished ceramics. J Prosthet Dent 2005;94:421e9.
[7] Rosenstiel SF, Baiker MA, Johnston WM. A comparison of glazed and polished
dental porcelain. Int J Prosthodont (IJP) 1989;2:524e9.
[8] Raimondo RL, Richardson JT, Wiedner B. Polished versus autoglazed dental
porcelain. J Prosthet Dent 1990;64:553e7.
[9] Al-Wahadni A, Martin DM. Glazing and finishing dental porcelain: a literature
review. J Can Dent Assoc 1998;64:580e3.
[10] Probster L, Geis-Gerstorfer J, Kirchner E, Kanjantra P. In vitro evaluation of a
glass-ceramic restorative material. J Oral Rehabil 1997;24(9):636e45.
[11] McLean J. The science and art of dental ceramics. Chicago: Quintessence
Publishing Co Inc; 1979.
[12] Campbell SD. Evaluation of surface roughness and polishing techniques for
new ceramic materials. J Prosthet Dent 1989;61:563e8.
[13] Fuzzi M, Zaccheroni Z, Vallania G. Scanning electron microscopy and profil-
ometer evaluation of glazed and polished dental porcelain. Int J Prosthodont
(IJP) 1996;9:452e8.
[14] Patterson CJW, McLundie AC, Stirrups DR, Taylor WG. Efficacy of a porcelain
refinishing system in restoring surface finish after grinding with fine and
extra-fine diamond burs. J Prosthet Dent 1992;68:402e6.
[15] Scurria MS, Powers JM. Surface roughness of two polished ceramic materials.
J Prosthet Dent 1994;71:174e7.
[16] Ward MT, Tate WH, Powers JM. Surface roughness of opalescent porcelains
after polishing. Operat Dent 1995;20:106e10.
[17] Hulterstr€om AK, Bergman M. Polishing systems for dental ceramics. Acta
Odontol Scand 1993;51:229e34.
[18] Haywood VB, Heymann HO, Kusy RP, Whitley JQ, Andreaus SB. Polishing
porcelain veneers: an SEM and specular reflectance analysis. Dent Mater
1988;4:116e21.
[19] Goldstein RE. Finishing of composites and laminates. Dent Clin 01 Apr
1989;33(2):305e18. 210-9. (PMID:2542106).
[20] Patterson CJ, McLundie AC, Stirrups DR, Taylor WG. Refinishing of porcelain by
using a refinishing kit. J Prosthet Dent 1991;65:383e8.
[21] Giordano R, Cima M, Pober R. Effect of surface finish on flexural strength of
feldspathic and aluminous dental ceramics. Int J Prosthodont (IJP) 1995;8:
311e9.
M. Abdel Moniem Ahmed et al. / Future Dental Journal 4 (2018) 1e7 7
